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SUMMARY 
'rhis bulletin presents the results of studies made on the soils 
from a number of field plots which are located on Carrington 
loam and have been under definite soil treatments and cropping 
systems for a period of 12 years. The following conclusions 
seem justified: 
1. The highest numters of bacteria were found in the soils in 
March, 1926. In 1925 the highest numbers of bacteria were found in 
July and November. Great fluctuations in numbers of bacteria oc-
curred from one sampling to another. 
2. The greatest number of fungi was found in the soils in No-
vember, 1924. The numbers gradually decreased during the winter 
months and reached a minimum in June, 1925. Another maximum 
was reached in January, 1926. This increase was followed by a de-
crease in numbers whiCh reached a low point in April. From then on 
great fluctuations occurred which can not be explained from the data 
secured. 
3. The numbers of actinomycetes varied with the number of bac-
teria. An increase in bacteria was followed by an increase in num-
ber'S of actinomycetes. The relative proportion of these two groups of 
organisms was between 1 to 10 and 1 to 20. 
4. No correl1ation existed between the numbers of microorganisms 
and the nitrate aocumulation in the soils. 
5. The amount of moisture varied in the soils at the different 
samplings, but this factor did not have any appreciable influence on 
the numbers of microorganisms. 
6. Application'S of manure alone, or of manure and lime, did not 
affect the numbers of fungi in this soil. 
7. Superphosphate and rock phosphate, when added with lime and 
manure, caused a slight increase in the numbers of fungi present. 
8. All of the soil treatments studied increased the numbers of bac-
teria in this soil. Manure and lime increased the number more than 
did the manure alone; manure, lime and rock phosphate increased the 
number more than did the manure and lime; and manure, lime and 
superphosphate brought about the greatest increase in numbers of 
bacteria. 
9. The various soil treatments did not seem to affect the number of 
actinomycetes in this soil. 
10. All of the soil treatments increased the crop yields. There was 
a direct correlation between the number of bacteria in the different 
plots and crop yields. Where superphosphate or rock phosphate 
was used a correlation was noted between numbers of fungi and acti-
nomycetes and crop yields. 
11. The data were not complete enough to permit of definite con-
clusions regarding the effect of crop rotations on the numbers of micro-
organisms in this soil. Studies along this line must be carried on over 
a long period of years. 

THE NUMBERS OF MICROORGANISMS IN CARRING-
TON LOAM AS INFLUENCED BY DIFFERENT 
SOIL TREATMEN'l'S 
By LEWIS W. ERDJlfAN* 
Numerous investigators have studied the numbers of micro-
organisms in the soil, and much interesting and valuable infor-
mation has been secured regarding the occurrence of bacteria, 
fungi and actinomycetes. The work has involved largely a de-
termination of the relative numbers of these groups of micro-
organisms in various soils and under different soil conditions, 
and has also included a study of the effect of certain factor;; 
w~iich influence the numbers and distribution of these micro-
organisms in the soil. Some attempts have been made to corre-
late the results of quantitative studies of soil microorganisms 
with crop yields, but little has been accomplished in this direc-
tion. 'fhe results secured by different workers have frequently 
led to entirely opposite conclusions because of differences in 
methods of study. In recent years the methods have become 
more nearly standard, and it is possible now to secure more 
satisfactory results from quantitative studies. 
The purpose of this bulletin is to present data which show the 
effect of different soil treatments and various cropping sys-
tems on the numbers of bacteria, actinomycetes and fungi in a 
typical -Carrington loam, and to point out some possible corre-
lations between the nu:nbers of microorganisms, the moisture 
content, the nitrate production and crop yields. 
HISTORICAL 
A number of excellent reviews of the literature on this sub-
ject have been given by Voorhees and Lipman (27), Lohnis 
(14), Waksman (31) and Whittles (36), and it is only neces-
sary here to refer briefly to the earlier studies which are di-
rectly related to the present work. 
The papers which have been reviewed are divided into three 
groups, first those showing the relative numbers and distribu-
tion of microorganisms in soils; second those setting forth the 
influence of different soil treatments and other factors on the 
numbers of microorganisms in soils; and third the papers pre-
'The author is indebted to Dr. E. V. Abbott for permission to use the data se-
cured during October and November. 1924. and January. February and March, 19~5; 
and to Dr. P. E. Brown for suggestions in connection with the work and for aid in 
the preparation of this manuscript. 
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senting correlations between numbers of microorganisms amI 
soil productivity. 
NUMBERS AND DISTRIBUTION OF SOIL MICROORGANISMS 
Adametz (1), Remy (21), Ramann (20) , Goddard (12) , 
Waksman (28), (29), (30) and Taylor (24) have made im-
portant contributions to our knowledge of the relative numbers 
of the bacteria, fungi and actinomycetes in a wide variety of 
soils. 'fhese workers counted the number of microorganisms in 
soils but did not attempt to correlate the results obtained with 
soil treatment or crop yields. Cutler, Crump and Sandon (8), 
after counting the bacteria and protozoa for 365 consecutive 
days in a soil which received 14 tons of manure annually, noted 
great daily fluctuations in the numbers of b3-cteria and protozoa 
in this, soil. 
INFLUENCE OF DIFFERENT SOIL TREAT.MENTS AND OTHER 
FACTORS ON NUMBERS OF MICROORGANISMS IN SOILS 
A number of workers, Fischer (10), Engberding (9), Brown 
(2), (3), (5), Temple (25), Brown and Halversen (6), Russell 
and Appleyard (22), Martin (16), Waksman (33) and Waks-
man and Starkey (35), have studied either the influence of 
different soil treatments, moisture or temperature on the num-
bers of microorganisms in the soil and found that these factors, 
and especially manure, greatly influence the total number and 
also the relative number of b3-cteria, :::ctinomycetes r:nd fungi 
in soils. 
CORRELATION BETWEEN NUMBERS OF MICROORGANISMS AND 
SOIL PRODUCTIVITY 
Rahn (19) noted that a direct influence was exerted upon the 
numbers of microorganisms in the soil by the crop and the, crop-
ping system. Brown (2), (3), (5), Neller (17) and Noyes and 
Conller (18) all found a direct correlation between numbers of 
bacteria and crop yields. Waksman (31) concluded from his 
study that "the numbers of microorganisms in the soil, WhPll 
determinations are carried out under proper conditions, with 
due allowance for the variability of the methods used and soils, 
can serve as one function for measuring the bacteriological 
condition of the soil and crop production." 
PART I-EXPERIMENTAL. THE EFFECT OF DIFFER-
ENT SOIL TREATMENTS ON NUMBERS OF MICRO-
ORGANISMS IN CARRINGTON LOAM UNDER A 
FIVE-YEAR ROTATION SYSTEM 
For this study samples of soil were taken from six plots in 
one series of plots under a five-year rotation of corn, oats, clover, 
wheat and alfalfa. The plots were located on the Agronomy 
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Farm of the Iowa Agricultural Experiment Station. The farm 
is in the Wisconsin drift area and the soil is classified as Car-
rington loam by the Bureau of Soils. When the first samples 
were taken in October, 1924, the plots had been under the same 
treatment for a period of 10 years. All plots were one-tenth 
acre in size and the special treatments were as follows: 
Plot No. 
1000 
1001 
1002 
1003 
1004 
1005 
Treatment 
Check (no treatment) 
Manure 
Manure + lime 
Manure + lime + rock phosphate 
Manure + lime + superphosphate 
Check (no treatment) 
'rhe manure was applied at the rate of 8 tons per acre once 
every four years. Lime was added in accordance with the re-
quirement as determined by the Truog test. Rock phosphate 
was applied at the rate of 1 ton per acre once in four years and 
superphosphate at the rate of 200 pounds per acre annually. 
With the exception of December, 1924, April and May, 1925, 
samples were taken once each month, over a two year period. 
At the beginning of the experiment, nine definite sampling sta-
tions were laid out on an area representing one-half of each 
plot. 'rhe stations were scattered at uniform distances over 
this area. At each sampling the surface soil, to a depth of 
about one inch, was removed from each station. The soil was 
then loosened to a depth of 4 or 5 inches and about 50 grams 
tram:~ferred to sterile pint mason jars. The samples were 
brought to the laboratory, and the contents from each jar were 
thoroly mixed after which portions were weighed out for the 
various determinations. 
Fifty-gram portions were weighed out into large Petri dish 
covers and allowed to become air-dry. Moisture was determined 
on this basis. 
Another 50-gram portion of the moist soil was used for the 
nitrate determinations, which were made by the phenoldi-
sulphonic acid method. 
The plate method was used for counting the number of fungi., 
bacteria and actinomycetes in the soil. Various media have been 
suggested for counting bacteria by Lipman and Brown (1::1 i, 
Lohnis (15), Brown (4), Conn (7), Waksman and Fred (34) 
and Thornton (26), but results secured by Fisher, Thornton and 
Mackenzie (11), Smith and Worden (23) and Waksman (:32) 
have shown the superior value of some of the media used. In 
this work Waksman's synthetic acid agar medium was employud 
for the fungi, and Brown's modified egg albumen agar for the 
bacteria and actinomycetes. These media were mal!e up. nc-
cording to the following formulae: 
Waksman's Mold Medium 
KH,PO., 1.0 gm. 
MgSO. + 7 H,O 0 5 gm. 
Peptone 5.0 gms. 
Glucose 10.0 gms, 
Agar 25.0 gms. 
Distilled water 1000 cc. 
Brown's Egg Albumen Medium 
K"HPO, 
MgSO, + 7 H,O 
Fe, (SO')3 
Egg Albumen 
Dextrose 
Agar 
Distilled water 
0,5 gm. 
0.2 gm. 
trace 
0.25 gm. 
10.0 gms. 
15.0 gms. 
1000 0.C . 
Enough normal H 2S04 was added to the mold medium to 
bring the reaction to pH 3.6 to 3.8 using brom phenol bluE' as 
the indicator. 'fhe reaction of the other medium was adjusted 
to pH 7.0 to 7.2 using brom thymol bl ue. It was found that 
the mold medium would not solidify very well if it was re-
sterilized more than once, and for this reason it was usually 
made up just before it was used. 
Large Petri dishes 150 m.m. in diameter were used for the 
mold counts and the regular 100 m.m. dishes for the bacteria. 
After the plates were poured they were incubated at room tem-
perature. The fungi were counted after 72 hours, and the bac-
teria and actinomycetes after 10 to 14 days. To get the number 
of bacteria, the number of actinomycetes was subtracted from 
the total number of colonies developing on each plate. From 
5 to 10 plates were used for the final dilution. Only the average 
figures from all the plates for the same dilution for each soil 
sample are reported in the tables. 'fhe counts secured on th~ 
plates were multiplied by 1000 for the fungi and by 100,000 for 
the bacteria per gram of soil. 
The results obtained in this study showing the number of 
bacteria, fungi and actinomycetes, the nitrate content and the 
moisture present in the soils at the various samplings are 
presented in table I. 
- These data were arranged so that the results obtained from 
October, 1924 to August, 1925, inclusive, can be easily com-
pared with the results obtained over the same period of tim~ 
one year later. Samples were not taken in December, 192~. 
April and May, 1925, and not in September of either year. 
Counts of the actinomycetes were not made until July 1, 1925, 
and data on these organisms were not secured in October, 1925, 
or on June 28, .Tuly 12 and August 20, 1926. 
THE MOI8TURE, CONTENT 
The moisture data for the, first five samplings were lost after 
the number of microorganisms had been calculated on the air-
dry basis. When the moisture data are considered as a whole 
it is evident that the different soil treatments had practically 
no effect on the amount of water present in the soils at thc 
various samplings. Of course, in some instances there wcre 
TABLE I. NUMBER OF MICROORGANISMS IN CARRINGTON LOAM UNDER DIFFERENT SOIL TREATMENTS 
Samples taken from October, 1924, to August, 19~5, Samples taken from October, 1925, to August, 1926, 
Plot inclusive inclusive 
No. I Moisturel Ni- I Number of microorganisms Moisture Nitrates Number of ml.croorganisms 
I ( '/'0 ) trates I (Per gram dry soil) ( '/'0 ) (p.p.m.) (Per gram dry soil) 
I I (p .p.m) 1 :F'ungi I Bacteria IActinomyc. tes l Fungi I Bacteria I Actinomycetes 
October 3, 1924 October 5, 1925 
I I I 
1000 l1. R 60,800 I 4,5 86,000 27.22 14.8 I 57.600 I 13,010,000 
1001 1l .6 1l0,400 I 5,750,000 21.93 13.3 I 40,200 I 14,150,000 
1002 15.1 90 ,8 00 I 5,073,000 22.13 14.8 I 52 ,000 I 14,870,000 
1003 13.1 94,900 I 4,294,000 21.34 13.6 I 62,800 I 16,450,000 
1004 14.3 92,000 I 7,130,000 24.37 17.3 I 53,300 I 17,100,000 
1005 14. 3 74,900 I 4,190,000 23.40 13.1 I 62,100 I 10,670,000 
November 7 , 1924 November 6. 1925 
I I 29.10 13.8 50,800 16,130.000 1,320,000 
1000 15.3 I 87,500 I 7,125,000 27.20 11.1 41,900 14,180,000 1,310,000 
1001 11.2 I 151,300 I 7,874,000 26.30 12.5 48 ,400 17,600,000 1,262,000 1002 11.4 138 300 12,670,000 25.00 13.9 46,400 21 ,030,000 1,662,000 t-:l IX> 
1003 10.3 I 148 ,800 I Lost 26.60 13.8 46,600 21,020,000 1,595,000 -:) 
1004 11.6 I 145,000 I Lost 26.30 11.4 39,000 13,850,000 1,695,000 1005 15.0 111,600 I 7,680,000 
December 4. 1925 
I 
1000 28.60 7.7 84,500 I 10,140,000 694,000 
1001 28.60 9.3 54 ,500 I 11,270,000 1,130,000 
1002 24 .70 9.6 52,800 I 9,250,000 486 ,000 
1003 26.30 9.1 63,700 I 13,700,000 757,000 1004 27.60 11.1 60,400 15,410,000 1,097,000 
1005 26.30 11.3 53,900 I 9,750,000 831,000 
I 
January 9, 19" 5 January 6, 1926 
I I 
10,32i,oOO 
I I I 
1000 9.3 I 117,100 I I 66.70 12.0 I 
106,600 I 19,420 .000 1,332,000 1001 12.1 I 106,500 I 10,002,000 I 66.70 9.~ 88,900 24,350,000 1,500,000 
1002 10.2 I 125,800 I 13,915,000 I 51.50 ,,6.4 84,600 I 22,600,000 1,363,000 
1003 13.8 I 164,000 I 15,225,000 I 47.10 ' 7.3 I 90,100 I 22,680,000 1,190,000 
1004 12.1 I 130,900 I 12,042,000 ~: .. 53.90 7.0 -{: 82,700 I 31,470.000 1,645,000 1005 15.7 I 86,800 I ll ,280,OOO 72.50 9.8 82,600 I 18,850,000 1,050,000 I I I .C' I I 
TABLE I. NUMBER OF MICROORGANISMS IN CARRINGTON LOAM UNDER DIFFERENT SOIL TRATMENTS-(Continued) 
j Samples taken from October, 1924, to August, 1925, I Samples taken from October, 1925, to August, 1926, 
Plot I inclusive I inclusive 
No. I Moisturel Ni- I (Per gram dry soil) I Mois ture Nitrates Number of microorganisms 
I ( % ) I trates Number of microorganisms I ( 'Yo ) (p.p.m.) (Per gram dry soil) 
I I (p.p.m.) Fungi I Bacteria I Actinomycetesl Fungi I Bacteria I Actinomycetes 
February 6. 19~5 I February 4, 19~6 
lUUU I 9.3 I 108,400 I 10,054,000 I 51.50 5.7 I 40,800 I 18,100,000 1,060,000 1001 I 13.3 I 82,400 I 13,714,000 38.90 7.4 I 56,800 I 17,720 ,000 973,000 1002 I 12.1 I 73 ,200 I 8,869,000 I 51.50 9.2 77,400 I 30,360,000 1,592,000 1003 -_._-_ .. 
\ 
14.8 95,200 I 12,590,000 ... _--_ .... I 56.30 5.0 I 74,200 I 33,250,000 1,876 ,000 1004 19.1 I 51.200 I 9,442,000 I 56.30 6.4 I 82,900 25,050,000 1,545,000 
1005 I 15.5 I 102,500 I 7,850,000 I 42.80 10.3 I 58 ,200 I 19,060,000 1,630,000 I I I I 
March 6, 19 25 I March 10, 1926 
I I I I I 
1000 12.5 I 135,700 I 8,677,000 I 42.80 114.3 I 70,000 \ 33,630,000 1,513,000 1001 14.8 I 81,200 I 8,974,000 I 35.10 99.5 73,300 29,840,000 1,529,000 1002 19.1 I 98,600 I 13,244,000 31.60 72.1 I 80,300 I 30,660,000 1,841,000 
1003 19.2 
I 
76,100 I 10,296,000 I 35.10 39.8 I 83,100 I 33,980,000 1,749,000 ~ 1004 18.3 111.200 I 13,958 ,000 31.60 52.5 I 85,800 I 40,800,000 2,000,000 
1005 14.3 91,600 I 11,400,000 I 51.50 78.7 I 89 ,800 I 23,090,000 1,469,000 en 
I I I I I 
I April 16, 1926 
I I 
1000 20.40 69.3 30,900 I 11,000,000 988,000 
1001 22.00 74.4 35,700 I 13,410,000 1,073,000 
1002 19.00 68.3 26,570 I 12,888,000 1,021,000 
1003 19.00 72.2 23 ,1 20 I 13,050,000 1,512,000 
1004 22.00 79.0 27, 100 I 15,250,000 1,367,000 
1005 19.00 98.4 30,370 I 6,870,000 976,000 
I 
May 17, 1926 
I 
1000 13.60 85.1 38,600 I 8,680,000 795,000 
1001 13.20 105.0 40,300 I 17,850 ,000 997,000 
1002 11.70 56.9 29,100 I 11,150,000 1,007,000 
1003 8.90 85.2 36,610 I 7,760,000 645,000 
1004 11.70 67.3 39,190 I 12,490,000 1,010,000 
100" 13.60 77.5 32,280 I 8,210,000 909,000 
I 
June 10, 1925 June 17, 1926 
I 1 ]000 8. 45 9.0 19,50U I 4,150,000 22.00 24.1 69,800 I 8,540 ,000 732,000 
1001 8.93 7.1 17,400 -I 6,690;000 2~.00 25.9 61,250 I 10,120,000 855,000 
1002 8.93 7 .7 19,500 I 6,760,00.0 19.00 18.7 62,150 1 11,050,000 714,000 11)03 7.53 7,3 19,400 I 5,830,000 19.00 14.4 58,600 I 13,940,000 953,000 ]004 8.23 9.3 21,800 1 7,960,00.0 22.00 Tr. 147,0.00 I 13,170,000 880,0.00 
1005 8.93 7.7 20,700. I 3,810,000 19,00 16.3 84,800 I 7,440,000 1,0.72,000 
I I 
July 1, 1925 June 28. 1926 
I I I 
1000 6.39 1 40,400 1 8,500,000 787,00.0 10..6 2,0.3 15,0.50. 1 2,113,0.0.0. 
10.0.1 5.05 I 34,10.0 I 12,550.,0.0.0. 820.,0.0.0. 12.1 2.05 36,10.0. I 7,0.80.,0.0.0. 10.0.2 5 27 1 25,10.0. 11,750.,0.0.0. 655,0.0.0 11.8 2.87 26,10.0. I 6,270.,0.0.0. 
1003 4 ,60 1 29,30.0. I 13,350.,0.0.0. 841,0.0.0. 11.1 1.17 34,50.0 I 13930.,0.0.0 
10.0.4 6.38 I 25,30.0. 1 13,0.30.,0.0.0. 916,0.0.0. 14.7 1.20. 30.,720. I 12,150.,0.00. 
10. 0.5 4.38 I 20.,20.0 I 8 ,8sa,oaa 502 ,0.0.0. 12.6 2.15 27,50.0. 1 7,660. ,000 
I I 1 
July 17, 19~5 July 12, 1926 
I 1 I 
100.0. l S.77 1 22,600. I 15,390.,0.0.0. 1,12S,aaa 11.1 5.5 S4,40a 1 8 ,750,0.0.0. 
10.0.1 16.27 
I 
19,600. I 14,580.,0.0.0. l,19S,aaa 92 5.5 39,90.0. I 8,610.,00.0. t-:l 1002 16.27 27 .20.0. 1 18,310.,0.00. 1,163,00.0. 9.4 5.0. 47,100. 4,130.,0.00. W 
10.0. 3 17.65 30.,900. I 18,30.0,000 1,151,0.0.0. 8.7 5.7 67,90.0. I 8 ,440.,0.0.0 <.0 
10.0.4 16.55 I 28.S00 1 22 ,10.0,0.00 1,119,00.0. 10.6 5.7 61, 10.0. I 5,580.0.0.0 
10.0.5 16.30. I 27 ,0.0.0 I 12,560.,00.0. 664,0.00. 10.1 5.8 85,0.0.0. 1 6,790 ,0.00 
1 I 1 
August 4, 1925 August 5, 1926 
I I 
100.0. 7.30. 12.4 1 41,0.0.0. 7,580,0.00. 695,0.00 21.4 3,1 29,620. I 2,110.,0.0.0. 1,165,0.0.0. 
10.01 1'.94 10.4 1 28 ,1 0.0. 7,980,000. 774,00.0 20..2 3.1 62, 1i 00 I 6, 120.,0.0.0. 1,924 0.0.0. 
10.0.2 5.72 12.2 1 34,500. 9,780. .0.0.0 80.3 ,0.0.0 19.3 2.7 21,120. I 6,210.,0.0.0 1,116,000 1003 7.75 9.4 I 37,30.0 8,070000. 722 .0.00 17.9 5.8 71.100. 6,600.,0.00. 2,479.00.0. 
10.04 5.26 12.1 I 34,0.00. 9,370.,0.0.0. 832,0.0.0 I" 7 3.3 44,200. 1 4,080,0.0.0 2,215,0.0.0. 
100.5 4.82 9 .4 1 30,800 8 ,860.,000. 1,049,000 20 .7 4.0. 75,30.0. 1 3,910.,00.0. 1,666,000. 
I I 
August 17. 1925 AUl!ust 20., 1926 
I 1 1 1 
10.0.0 19.60 24.7 1 52,700 I 16,650,0.00. 2,322,00.0 21.3 6.0 1 100.,000 I 10.,10.0.,00.0 
10.0.1 19.60 24.1 I 57,50.0. 1 11,490.,0.00 1,028 ,000 21.3 6.0. I 77 ,500. I 7,560,0.00 100.2 17.64 23.6 1 59,70.0 I 14,30.0. .00.0 1,765,0.00. 21.3 6.0. 69,500. I 8,670 .000 
100.3 l S. 46 22.7 1 43,80.0. I 11,850,00.0. 1,137,0.0.0 20.5 7 .5 1 152,400. I 19,890 ,00.0 
100.4 20.76 23 .8 1 50,800 I 14,380.,0.00. 1,218,0.00 20. .5 7.3 I 100,0.00 1 15,650,00.0 
1005 17.38 23.0 1 46,0.00. I 12,680,0.00 1,408 ,000. 21.3 6.0 I 74,50.0 I 8,290,0.0.0 
1 1 I 
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slight irregularities, but in the great majority of cases the per-
cent of moisture in these soils was strikingly uniform. 
In 1925 the smallest amount of moisture was found in June, 
July and the first part of August. In 1926 the percent of mois-
ture was lowest in May, the latter part of June and July. In 
January, February and March, 1926, the soils were especially 
high in percent of moisture. The amount of moisture averaged 
around 20 percent for all months that have not been mentioned. 
THE NUMBERS OF FUNGI IN THE SOILS 
Apparently the numbers of fungi in the soils fluctuated greatly 
with seasonal conditions, altho the results obtained during 
the first year's work did not necessarily agree with those se-
cured - the second year. The number of fungi in the soils 
gradually increased from October, 1924 to January, 1925, after 
which time there was a decline, and a minimum was reached in 
June and July, 1925. The number of fungi then increased in 
August and again reached a maximum in January, 1926. This 
was followed by a decline until April and May. One month 
later the numbers of fungi in the soils had increased consider-
ably and, with the exception of the last part of June, they re-
mained fairly constant for the rest of that summer. The num-
bers of fungi present in the soils on July 1, 1925, were much 
the same as the numbers found in the soils on June 28, 1926, 
approximately one year later. However, the other samphlgs 
during these two months showed that considerably greater num-
bers of fungi were present in the soils in 1926 than in 192& 
Rather definite fluctuations occurred in the numbers of fungi 
in the soils from the different plots at the various samplingf'. 
This was especially true for the soils from the two check or 
untreated plots. At one sampling the soil from plot 1000 would 
contain more fungi than that from plot 1005, whereas at the 
next sampling the results would be the reverse. In the great 
majority of cases the soil from the manure treatpd plot and 
that from the manure and lime treated plot showed practically 
the same number of fungi as the soil from the clwck plot. In 
fact these data showed an apparent tendency for th~ numbers 
of fungi to be smaller in these two treated soils than in the un-
treated soil. 
The results obtained from the soils which had been treated 
with manure, lime and rock phosphate and with manure, lime 
and superphosphate were also irregular; sometimes the numbers 
of fungi in these soils were considerably higher than those in 
the check soils and sometimes lower. These results, therefore, 
would indicate the' importance, as other workers have noted, of 
extending studies of this nature over a long period of years 
rather than basing conclusions on a few months or even one 
year's results. The actual effect of the variouS! soil treatments 
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on the numbers of fungi in these soils will be discussed more 
fully after the average results of all the samplings have been 
presented ·in table II. 
THE NUMBERS OF BACTERIA IN THE SOILS 
The season of the year had some rather definite effects on 
the numbers of bacteria in these soils as well as on the fungi. 
As in the case of the fungi, the numbers of bacteria increased 
from October, 1924, to January, 1925. The numbers declined 
slightly during February and March, and the maximum number 
for 1925 was reached in June. 'l'he bacteria increased in num-
bers during July, but decreased during the ' carly-part of Aug-
ust. Two weeks later the numbers of bacteria increased and 
they continued to increase in these soils until February and 
March, 1926, with the single exception of December, 1925. The 
numbers decreased considerably during December. After March 
the numbers of bacteria gradually declined with some few 
irregularities until the sampling on August 5, 1926. At this 
time the minimum number of bacteria was obtained. 
If a comparison is made between the numbers of fungi and 
bacteria in the soils during June, July and August, 1925, and 
those in the same soils during the same months in 1926, it may 
be ,~oted that 'while the numbers of fungi were higher in 1926 
than in 1925, the numbers of bacteria were lower in 1926 than 
in 1925. No explanation for these differences can be offered 
from the data at hand since evidently there was not any cor-
relation between either the moisture content or the nitrates 
present in the soils and the numbers of these organisms. 
While it is true that considerable fluctuation was found be-
tween the numbers of bacteria in the variously treated soils at 
the different samplings, the results as a whole show that the 
soil treatments had a tendency to increase, at least to a slight 
but noticeable extent, the numbers of these organisms in the 
soil. This fact will be emphasized and discussed more fully 
when the average results are considered. 
THE NUMBERS OF ACTINOMYCETES IN THE SOILS 
'rhe actinomycetes in the soils were counted only at 13 of 
the 23 samplings. Thus a seasonal comparison extending over 
the two years is not possible in the case of this group of 
organisms. In general it may be said that the numbers of 
actinomycetes seemed to vary with the numbers of bacteria. 
Where more bacteria were found, more actinomycetes were 
also present and the relation between the two groups varied from 
1 to 10 to 1 to 20. One notable exception to this rule was found 
in the case of! the soil samples taken on August 5, 1926. Here 
the number of actinomycetes was relatively large as compared 
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to the number of bacter,ia, At this sampling, too, there was a 
rather high count of fungi, 
THE RELATION OF NITRATE CONTENT TO THE NUMBER OF 
MICROORGANISMS IN THE SOILS 
The data given in table I, showing the amount of nitrates 
present in the soils at the various samplings, tend to 'show that 
the numbers of microorganisms do not necessarily correlate with 
the nitrate accumulation in these soils. At the first three s:lmpl-
ings the amount of nitrates present remained fairly constant, 
whereas both the numbers of fungi and bacteria fluctuated 
greatly. However, during the summer months of 1925 when 
increases in nitrates were usually noted, there were correspond-
ing increases in numbers of fungi and bacteria. During Oc-
tober and November, 1925, the amount of nitrates remained 
about the same, and so did the number of fungi and bacteria. 
During December, 1925, and January and February, 1926, the 
amount of nitrates decreased considerably, whereas the num-
bers of microorganisms increased, but these increases were not 
dependent upon the amount of nitrate nitrogen. 
'fhere was, an exceptionally high accumulation of nitrates in 
the soils during March, April and May, 1926, These data like-
wise rlid not correlate with the numbers of fungi or bacteria, 
becallse after March the numbers of these organisms declined 
rapidly, and the nitrates remained practically the same. The 
data on nitrates will be discussed more fully after table II is 
presented. 
The data in table I showing the numbers of fungi and bac-
teria have been used to plot the curves shown in figs. 1 and 2, 
respectively. The data for the two check plots were averaged 
in order to reduce the number of lines. 
Examining the curves in fig. 1, representing the numbers of 
fungi, it may be noted that there were rather marked differ-
ences between the checks and the treated plots at the first three 
samplings. The curves showing the results at the fifth sampl-
ing were higher for the check plots than for any 'of the soil 
treatments. At the sixth sampling all of the curves approached 
a common point, and from then on until June 17, 1926, they 
followed each other more or less regularly without any out-
standing differences. On June 17, 1926, the number of fungi 
in the soil trom plot 1004, which received manure, lime and 
superphosphate, was very much higher than in any of the 
other soils. At the next sampling, however, there was a de-
crease which brought the curve back to the others. On July 
12, 1926, the numbers of fungi in the different plots showed 
rather wiqe variations, and the same statement was true for 
the last sampnng; the number of fungi being by far the great-
est in the soil from the plot which had been treated with manure, 
lime ' and superphosphate. 
,., 
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Fig, 1. Th~ number of fungi in 'the soils from the different plota. 
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A careful study of the curves representing the variations ill 
numbers of fungi in the soils under different treatments will 
serve to emphasize further the necessity of carrying studies of 
this nature over a period of years rather than for only a few 
months in a given season. 
The curves presented in fig. 2, representing the numbers of 
bacteria in the variously treated soils, show the same general 
fiuctuations as did the curves for the fungi. One notable differ-
encCl stands out, however, and that is that the peak of the bac-
terial curves was reached in March, 1926, whereas, the peak of 
the fungi curves was reached in November, 1924. These differ-
ences between the numbers of bacteria and fungi mayor ma.v 
not have been significant, especially since the peak of the bac-
terial curves for 1925 was much below that for 1926. 
CORRELATION BETWEEN CROP YIELDS, NITRATES AND NUM-
BERS OF MICROORGANISMS IN CARRINGTON LOAM 
The data given in table I have been averaged, and the result::; 
showing the average numbers of fungi, bacteria and actino-
mycetes, and the average amount of nitrate nitrogen in the 
soils at the various samplings are given in table II. In this 
table are also included the figures showing the range of mois-
ture found in the soils from each plot and the crop yields ob-
tained during 1924, 1925 and 1926. Inasmuch as the amount 
of nitrates found in the soils during March, April and May, 
1926, was excessively high these data were omitted in calculat-
ing the average nitrate results. 
All of the soil treatments brought about decided incrcases in 
the yield of corn in 1924. The manure, manure and lime, and 
the manure, lime and rock phosphate treated plots yielded prac-
tically the same, but the manure, lime and superphosphate 
treated plots showed a slightly greater corn yield than did the 
other plots. In the case of the oats in 1925, all of the treat-
ments increased the yield; the manure alone brought about a 
gain; the manure, lime and rock phosphate treatment led to an 
increase over the manure and lime treatment; and the manure, 
lime and superphosphate treated plot out yielded that receiving 
manure, lime and rock phosphate. With clover in 1925, very 
similar results were obtained from the various soil treatments. 
As in the case of oats, the manure, lime and superphosphate 
treated plot produced by far the highest yield of red clover hay. 
The range of moisture in the soils of the different plot;;; was 
not _great and the differences had no appreciable effect on either 
crop yields, nitrates present or the numbers of microorganisms 
in the soils from the various plots. 
The average results obtained for the number of fungi show 
that neither the manure nor the manure and lime treatment 
had any effect upon the number of these organisms in the soil. 
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Both the rock phosphate and the superphosphate, however, 
seemed to cause an increase in the number of fungi. The 
greater effect noted for the rock phosphate treatment was caused 
largely by the relatively high count of fungi in the soil from 
this plot on January 9, 1925, and August 20, 1926. 
The average results for the bacteria show that the different 
soil treatments had some effect in increasing the numbers of 
these organisms in this soil. The number of bacteria in the two 
check soils agreed exceptionally well. Manure slightly increased 
the number of bacteria, and lime in addition to the manure 
caused a slight increase in numbers over the manure alone. The 
manure, lime and rock phosphate treatment increased the num-
ber of bacteria still morE.' than did the manure and lime treat-
ment, and finally the soil receiving manure, lime and super-
phosphate contained a still greater number of bacteria than did 
that receiving the manure, lime and rock phos,phate treatment. 
The different soil treatments had very little effect upon the 
number of actinomycetes in the soil. About the samE.' number 
of these organisms was found in the soils from the manure, and 
the manure and lime treated plots as was present in the un-
treated soils. 'fhe soils receiving superphosphate and rock phos-
phate in addition to the manure and lime treatment showed 
slight increases in numbers of these organisms over that found 
in the check soils, but these differences were probably too small 
to be significant. 
The data in table II have been used to plot the curves in fig. 
3, which show the correlation or lack of correlation between thE' 
numbers of microorganisms, crop yields and nitrate accumula-
tion in the soils from the different plots. 
An examination of the curves representing the crop yields 
shows the favorable effect of the different soil treatments. All 
of the treatments increased the yield of corn, oats and clover 
hay very materially, and the greatest increases in yields were 
TABLE II. CORRELATION BETWEEN CROP YIELDS, NITRATES AND 
NUMBERS OF MICROORGANISMS IN CARRINGTON LOAM 
(Average results of all samplings) 
I 
Plot 1 Treatment 
No· 1 
1 
I 
1 
1000 / Check 
1001 Manure 
1002 1 Manure+ Lime 
1003 Manure + Lime + 
1 Rock Phosphate 
1004 1 Manure + Lime+ 
1 Superphosphate 
1005 1 Check 
1 
1 1 Nit-" I Number of microor-
Crop yields 1 Mois t- 1 rates 1 ganisms per gram 
1 Corn 1 Oats I Clov· 1 ure 1 (p.p 1 dry soil 
1 1924 1 1925 1 e: \ range 1 m.) 1 1 1 
I (Bu·) 1 (Bu·) 1 1926 ( % ) 1 I Fungi/ Bacteria 1 Actino-
1 1 I (T.) 1 1 1 1 mycetes 
1 1 \ 1 \ 1 1 1 1 50.0 1 40.9 1.05 /".39-66.7 11.1 lu3,660111,076,OOO ll,118,OOO 
1 72.8 / 53.1 / 1.35 5.05-6~. 7 1 12.0 160,320112,255,00011,162,000 70.0 54.7 1.45 15.27-51.5 1 11.1 159,56013,017,000 11,140,000 
1 1 1 1 1 1 1 1 
1 71.4 I 59.0 / 1.50 14.60-56.31 10.8 169,700 114,750,000 11,283,000 
1 1 1 1 1 I 74.3 1 64.0 1 1.85 15.26-56.31 11.4 165,000115,390,00011,340,000 50.0 / 35.9 1 1.00 14.38-72.5 / 11.4 61,200 /10,110,000 1,148,000 
1 1 1 1 1 
"Nitrate data for March, April and May. 1926. not included. 
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noted for the soil from the plot recelvmg manure, lime and 
superphosphate. The bacterial curve showed a direct corre-
lation with crop yields, while the curves representing the acti-
nomycetes and fungi correlated with crop yields only when the 
soils had receive superphosphate or rock phosphate in addition 
to the manure and lime. The curve representing the nitrate", 
failed to correlate either with the crop yields or with the number 
of microorganisms in the different soils. 
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PART II-EXPERIlJIENT AL-THE EFFECT OF DIF-
FERENT ROTATIONS AND SOIL TREATMENTS ON 
THE NUMBER OF FUNGI AND BACTERIA IN 
CARRINGTON LOAM 
The plots used for this study were chosen from the soil fer-
tility plots on the Agronomy Farm. 'l'hey were selected be-
cause they were all on Carrington loam but under different 
cropping systems. Four of the plots were in the continuous 
corn series; eight plots were in the two-year alternation of corn 
and oats series, four being planted to corn and four to oats; 
eight plots were in the three-year rotation of corn, oats and 
clover, four being planted to corn and four to red clover; seven 
plots were in the four-year rotation of corn, corn, oats and 
clover, four plots being in red clover and three plots in oats; 
and finally eight plots were in the five-year rotation of corn, 
oats, clover, wheat and alfalfa, four of these plots being in 
clover and four in oats. 
The soil treatments for these plots included manure alone, 
manure and lime, lime alone, and crop residues and lime. All 
of the plots were one-tenth of an acre in size except the check 
plots in the three-year rotation and the two-year alternation 
series, which were one-twentieth of an acre. 
Four samplings were made during the summer of 1926. When 
the first samples were taken on June 28, 1926, all 35 plots were 
sampled. At least 20 samples were taken from each plot and 
these were composited and mixed thoroly before they were 
used for the various determinations. For the other three sampl-
ings, which were made on July 12, August 5 and August 20, 
only 20 plots were studied, those under the two-year alternation 
and the four-year rotation series being omitted. 
The technique employed in making determinations for the 
numbers of fungi and bacteria and also for the nitrates present 
in the soils at the time the samples were taken was exactly the 
same as that used in similar studies which were reported in 
Part I of this bulletin. Actinomycetes were not counted in this 
study. 
DISCUSSION OF RESULTS 
The results obtained from this study are presented in tables 
III to VII, inclusive. In these tables the crop yields obtained 
from these plots in 1926 are also given. 'l'he results of the 
studies made on the samples taken June 28, 1926, are given in 
table III. 
THE CROP YIELDS 
In 1926 the one plot which gave consistently higher yields 
than the check plot under the various cropping systems was 
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TABLE III. CROP YIELDS, MOISTURE. NITRATES AND NUMBER OF FUNGI 
AND BACTERIA IN CARRINGTON LOAM UNDER DIFFERENT TREATMENTS 
(Samples taken June 28, 1926) 
I I I Crop I 
Plot I Rotation and I Treatment I yields I Moist-
No. I crop I Iper acrel ure 
I I I (Bu.) I ( % ) 
I I I I 
906 I Continuous I Check I 32.5 I 19.6 
907 1 Corn Manure I 3352 .. 50 III 1199'.93 908 \ Manure+ lime 
909 Lime 28.8 15.7 
I T"'o-year II I Bu. I 805 I .. Check I 22.2 I 11.4 
806 I Rotation I Manure + Lime 1 48.5 I 9.9 
808 I Oats I Crop ;'esidues + lime 37.7 9.6 
810 I Check I 19.6 / 9.9 
811 I Two-year I Check II :1~3 II 18 .2 
8 12 \ Rotation Manure + lime 63.8 I 15.7 
8 14 Corn I Crop residues+lime l 45.0 I 16.0 
816 I I Check I 34.0 I 18.7 
I I I 
I I I Tons I 
817 I Three-year I Check I 0.70 I 8.7 
8 18 I Rotation I Manure+ lime I 1.20 I 14.8 
820 I Clover I Crop residues + lime 0.60 I 11.8 
822 I I Check I 0.62 I 12.8 
II I I I 
823 I Three-year Check 47.5 18.2 I II Bu. II 
824 I Rotation Manure + lime I 73.8 I 19.3 
826 I Corn I Crop residues + lime l 50.0 I 16.0 
828 I Check I 47.5 I 16.3 
I 1 I  Tons I 
1100 I Four-year Check I 1.15 10.6 
1101 I Rotation I Manure 1.65 I 12.1 
1103 I Clover I Manure+ lime 1.95 I 11.8 
1105 I I Check 0.95 I 12. 6 
I I I I 
1200 I Four-year 1 Check /1 ~~.4 III 13.3 
1201 Rotation Manure 44.7 10.6 
1203 Oats I Manure + lime I 51.6 I 8.7 
I I Tons I 
1000 
1001 
1002 
1005 
Five-year 
Rotation 
Clover 
I Check I 1.05 I 13.6 Manure 1.35 I 13.1 
I Manure+ lime 1.45 \ 10.6 
I Check 1.00 14.2 
I I 
I Number 
I Ni- I Fungi \ Bacter.a 
I .trates I 
I (p.p.m.) I I 
\ I I 4.6 I 23,800 I 7,270,000 
1 
24.7 22,300 \ 6,7RO,OOO 
11.5 I 23,400 10,900,000 
3.7 I 21,000 I 4,970,000 
I I I I 1.1 1 17,000 I 6,800,000 Tr. 18,250 I 9,040,000 
I Tr. 25,570 I 6,450,000 I 23,740 i 8,220 ,000 
I I 
I I I 6.5 1 17,450 I 8,370 ,000 
I 6.7 21,050 I 7,170,000 I 7.7 I 16,250 I 4,850,000 8.5 1 14,500 I 5,200,000 
I I I I I 1.5 I 23,950 I 6,040,000 
I 1.2 I 31,400 I 6,010,000 I 1.6 I 31,800 I 7,510,000 2.3 30,600 \ 7,030,000 
I I 
I I I 
I 11.6 1 38,300 I 8,940,000 I 19.9 29,600 I 4,940,000 
I 9.3 34,100 I 8 ,030,000 11.0 43,100 \ 7,900,000 
\ I I 
I 1.7 I 41,000 I 2,460,000 
I 1.3 I 31,200 \ 9,530,000 
I Tr. 1 35,200 7,450,000 
I 1.2 45,100 I 9,540,000 
\ I I 1 I 
I Tr. I 38,100 I 7,450,000 
I 1.3 / 36,300 I 9,100,000 
I 3.0 26,400 117,720,000 
I I 
I I I 
I 2.0 1 15,050 I 2,113,000 I 2.0 36,100 I 7,080,000 
I 2.9 26,100 I 6,270,000 
I 2.2 I 27,500 I 7,660,000 
I I I 
1013 
1014 
1017 
1019 
Five-year 
Rotation 
Oats 
I II Bu. I 
I Manure 54.4 \ 
I Manure + lime I 51.6 
I I I 
8.7 I 2.0 I 32,300 1 6,980,000 
9.6 I 3.3 I 25,200 6,650,000 
Check I 44.4 I I Crop residues + lim e/ 56.9 I 8.0 I 1.4 \ 19,450 110,280,000 9.2 I 5.3 25,900 I 4,700,000 
I I I 
that reCeIvmg manure and lime. This treatment was particu-
larly effective l1nder the two-year cropping system, since the 
yields of both corn and oats were more than twice those noted 
for the untreated plots. It was also very effective under the 
three-year rotation series, where the yields were much higher 
altho not double that noted for the check plots. The value 
of the longer rotations, namely, the four and five-year rotations, 
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is evidenced by the increased yield of the check plots in these 
series over that found in the two and three-year rotation series. 
The effect of the manure treatment, however, was not nearly 
so great, altho decided increases over the check plots were 
noted in all cases. In the case of the five-year rotation, the oat 
yield in 1926 was greater for the manure treated plot than for 
the manure and lime treated plot. In all other instances the 
manure and lime treatment proved to be more effective in in-
creasing crop yields than the manure alone. In the continuous 
corn series and in the four-year rotation under oats, manure 
had no effect whatever in increasing· the yield of corn and oats 
respectively in 1926. With the single exception of the clover 
yield in the three-year rotation series the crop residues and 
lime treatment brought about increased crop yields in the two, 
three and five-year rotations. Only in the case of the five-year 
rotation oats series did this treatment produce greater yields 
than the manure and lime treatment. 
THE MOISTURE DATA 
An examination of the data presented in table III, for the 
percent of moisture shows that the different treatments had 
little or no effect on the amount of moisture present in the 
samples of soil taken from the different plots. The crop, how-
ever, did affect the percent of moisture. The highest amount 
of moisture was present in those soils planted to corn. In the ma-
jority of cases more moisture was present in the soil from the 
clover plots than in that from the oats plots. A comparison of 
the percent of moisture in the various soils with the number of 
fungi and bacteria reveals no correlation. 
THE NITRATES PRESENT 
As in the case of the moisture, more nitrates were present in 
the soils under corn than in the soils under oats or clover. This 
was particularly true for the three-year rotation series, in which 
the soils showed a high percent of moisture. The amount of 
nitrates present in the soils in the clover and oats senes was 
extremely low, and in no case were there any correlations be-
tween the nitrates present and numbers of fungi or bacteria. 
THE NUMBER OF MICROORGANISMS 
Considering the results obtained from the counts of fungi 
as a whole it may be noted that there was a -tendency at the 
June 28 sampling for the soils in the continuous corn and thl~ 
two-year alternation series of plots to have a smaller number of 
fungi than those in the three, four and five-year rotation series. 
The results obtained from the different soil treatments were 
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rather irregular, in some cases greater numbers being found 
in the check soils than in the treated soils and vice versa. 
Very similar r esults were obtained in the bacterial count~ 
from the several plots under the different cropping systems. No 
outstanding differences at this sampling could be noted for the 
soil treatments, the cropping system or the particular crop 
grown. 
The results of the studies made on the samples taken July 
12, 1926, two weeks after the first samples were secured, are 
shown in table IV. 
The amount of moisture in the soils at this time was again 
higher in the corn plots than in the clover or oats plots, and 
more moisture was present in the soils in clover than in those 
in oats. 
The amount of nitrates present was considerably higher in 
the soils of the corn plots under the three-year rotation series 
than in any of the other soils. More nitrates were also present 
in the soils from the continuons corn series than in those from 
the five-year rotation series and the three-year rotation clover 
senes. 
The highest numbers of fungi in the soils at the second sampl-
ing were found in the manure treated soil in the continuous 
TABLE IV. CROP YIELDS. MOISTURE. NITRATES AND NUMBER OF FUNGI 
AND BACTERIA IN CARRINGTON LOAM UNDER DIFFERENT TREATMENTS 
(Samples taken July 12. 1926) 
Plot I Rotation and I Crop I Moist- I Ni- Number 
No. I crop I Treatment yields I ure I trates I Fungi I Bacteria 
I I (Bu.) I (%) l(p.p·m·) 1 I 
I I I I I 
906 I Continuous I Check 32.5 I 13.9 I 10.0 I 36.100 I 5.700.000 
907 I Corn Manure 32.5 I 13.9 I 9.0 I 43.100 6.670.000 
908 I I Manure+lime 35.0 I 14.1 I 8.0 34.500 I 6,980,000 909 I Lime 28.8 ILl I 10.0 I 34,900 3,200,000 
I I Check I I I I I Tons I I I I 817 I Three·year 0.70 I 8.2 I 6.0 I 38,100 I 6,040,000 8 18 I Rotation I Manure + lime 1.20 I 8.0 6.0 I 31,400 I 6,010,000 
820 I Clover I Crop residues + limc l 0.60 10.1 I 6.0 I 31,800 I 7,510,000 
822 I Check I 0.62 I 8.9 I 4.0 I 30,600 I 7,030,000 
I I II I I I I I Bu. I I I I 
823 I Three-year I Check I 47.5 I 13.4 I 27.0 I 56,200 I 4,020,000 
824 I Rotation Manure + lime I 73.8 I 12.3 I 24.0 I 37,100 110,500,000 
826 I Corn I Crop residues + lim el 50.0 I 11.1 I 19.0 I 35,100 I 5,570,000 
828 I Check I 47.5 I 12.3 I 27 .0 26,100 I 4,900,000 
! I I I I I 
I I Tons I I I I 
1000 I Five-year I Check I 1.05 I ILl I 6.0 I 84 ,400 I 8,750,000 
1001 I Rotation Manure I 1.35 I 9.2 I 6.0 I 39,990 8,610,000 1002 I Clover I Manure + lime I 1.45 9.4 5.0 47,100 I 4,130,000 
1005 I I Check I 1.00 I 10.1 
I: 
6.0 I 85,000 / 6,790,000 
I I 
III I I I Bu. I I 
1013 I Five-year I M.""~ 1 54.4 6.4 6.0 I 31.900 I 4,150,000 1014 I Rotation anure+lim e I 51.6 I 6.4 9.0 I 37,100 I 5,350,000 
1017 I Oats Check 44.4 I 6.4 I 6.0 I 81,700 4,950,000 1019 I Crop residues + lime/ 56.9 I 8.0 7.0 I 36,700 I 6,680,000 I I 
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TABLE V. CROP YIELDS, MOISTURE, NITRATES AND NUMBER OF FUNGI 
AND BACTERIA IN CARRINGTON LOAM UNDER DIFFERENT TREATMENTS 
(Samples taken August 5, 1924) 
Plot I Rotation and I I Crop I Moist- I Ni- Number 
No. I crop I Treatment I yields I ure I b'ates I Fungi I Bacteria 
I I I (Bu. ) I ( % ) l(p.p·m.) 1 
I I I I I I 
906 I Continuous I Check I 32.5 I 20.5 I 4.0 I 70,600 I 5,650,000 
907 I Corn Manure 32.5 19.6 I 4.0 I 68,300 I 5,550,000 
908 I I Manure+ lime II 35.0 I 17.9 4.0 I 44,600 I 2,670,000 
909 I I Lime I 28.8 I 14 .1 I 5.0 I 42,900 I 3,370,000 
I II Tons I I I I 
817 I Three-year I Check 0.70 I 17.6 I 4.0 I 22,600 I 1,660,000 
818 I Rotation I Manure + lime I 1.20 I 14.9 I 4.0 1 19,300 I 2,120,000 
820 I Clover I Crop residues + lime l 0.60 I 17.9 I 4.0 74,000 I 4,630,000 
822 I I Check I 062 I 19.9 I 3.0 I 91,200 3,380,000 
823 I Three-year / Check I: ~~:'5 1:1 14.7 II 14.0 I: 29,400 I: 2,660,000 
824 I Rotation Manure+ 1ime I 73.8 17.1 I 11.0 I 26,300 I 1,970,000 
826 I Corn I Crop residues + lime l 50.0 I 12.1 5.0 I 41,300 I 2,240,000 
828 I Check I 47.5 14.1 I 15.0 I 64,900 I 4,170,000 
1000 I Five-year / Check I T~~~5 III 21.4 III 3.0 129,620 1/ 2 ,110,000 
1001 I Rotation Manure I 1.35 20.2 3.0 I 62,500 6,120,000 
1002 I Clover I Manure + lime I 1.45 I 19.3 I 4.0 I 21 ,120 2,210,000 
1005 I I Check I 1.00 I 20.7 I 4.0 I 75,300 3,910,000 
I I I I I I I 
I I I Bu. I I I I 
1013 I Five-year I Manure I 54.4 I 14.7 I 4.0 I 53,000 I 3,790,000 
J014 I Rotation I Manure+ lime I 51.6 I 14.1 I 4.0 60,900 I 5,410,000 
1017 I Oats I Check I 44.4 17.3 i 4.0 I 57,500 I 8,310,000 
1019 1 I Crop residues + 1ime/ 56.9 I 14.7 I  5.0 I 43,200 / 2,780,000 
corn series, in the check soil in the three-year rotation corn 
series and in the two untreated soils in the five-year rotation. 
clover series. The remaining soils did not show any marked 
differences in numbers of fungi, The manure and lime treated 
soil in the three-year rotation corn series contained more than 
twice the number of bacteria found in the soil in the two check 
plots in this series, but the same soil treatment in the other 
rotations did not seem to influence the number of bacteria in 
this soil. The results of the bacterial counts in the various 
soils at this sampling were not consistent and hence need not be 
discussed here, 
The results of the determinations made on the samples of soil 
taken on August 5, 1926, are found in table V. 
At this sampling more moisture was present in the soils than 
at the preceding samplings, and the amount found in the soils 
from the oats and clover plots compared favorably with that 
found in the soils from the corn plots. The various soil treat-
ments apparently did not have any effect on the amount of 
moisture present in these soils. 
Again the soils in these three-year rotation corn series plots 
contained more nitrate nitrogen than was found in any of the 
other soils, As a matter of fact only slight variations in con-
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tent of nitrate nitrogen were noted for all of the other soils 
studied. 
The counts of fungi and bacteria obtained from the soils at 
this sampling were extremely variable and need not be discussed 
here. 
The results obtained · from the determinations made on the 
soil samples taken on August 20, 1926, are given in table VI. 
At this sampling the highest amount of moisture was noted 
r the soil~ in the five-year rotation clover series. A relatively 
small amount of moisture was present in all of the soils in the 
three-year rotation corn series except the one which received 
manure and lime. At this sampling also the diffe:rent soil treat-
ments did not exert any noticeable effects on the amo~nt of 
moisture found in these soils. 
The highest amount of nitrates at this sampling was again 
found in the soils of the three-year rotation corn plots, all of 
the remaining soils containing about the same amount of ni-
trates. 
There was a tendency for the number of fungi to be higher 
in the check soils than in the treated soils at this sampling. 
Marked variations occurred again, however, and further dis-
cussion of the occurrence of fungi will be made after the aver-
age results of the four samplings have been presented. 
TABLE VI. CROP YIELDS, MOISTURE, NITRATES AND NUMBER OF FUNGI 
AND BACTERIA IN CARRINGTON LOAM UNDER DIFFERENT TREATMENTS 
(Samples taken August 20, 1926) 
Plot I Rotation and I I Crop I Moist- I Ni- Number 
No. I crop I Treatment I yields I ure I trates I Fungi I Bacteria 
I I I (Bu. ) I ~ l(p.p·m·)1 I I I I I I 
906 I Continuous I Check I 32.5 I 19.9 I 5.0 I 99,300 1 7,580 ,000 907 I Corn I Manure I 32.5 I 19.0 5.0 I 73,500 8,320,000 
908 I I Manure+ lime I 35.0 I 19.3 I 5.0 I 43,200 7,800,000 
909 I I Lime I 28.8 I 12.4 I 5.0 I 33,800 6,880,000 
I I I I j I I I I Tons I I I I 
817 I Three-year I Check I 0.70 I 14.7 I 5.0 I 86,500 111 ,780,000 
818 I Rotation I Manure + lime I 1.20 I 17.0 I 6.0 61,300 10,650,000 
820 I Clover I Crop residues+lime l 0.60 I 19.6 I 5.0 I 93,000 111,680,000 
822 I I Check I 0.62 I 22.2 I 6.0 I 85,400 I 9,700,000 I I I I I I I I I Bu. II I I I 823 I Three-year I Check I 47.5 11.1 I 11.0 I 93,400 1 6,800,000 
824 I Rotation I Manure+ lime I 73.8 I 18.2 I 9.0 I 55,600 11,320,000 
826 I Corn I Crop residues+lime l 50.0 I 13.7 I 7.0 \ 24,380 I 8,220,000 
828 I I Check I 47 .5 I 13.4 I 13.0 92,600 110,300,000 
I 
I Check 
I I I I I I I Tons I I I I 
1000 I Five-year I 1.05 1 21.3 I 6.0 1100,000 110,100,000 1001 I Rotation I Manure I 1.35 21.3 I 6.0 I 77,500 7,560,000 
1002 I Clover I Manure + lime I 1.45 I 21.3 I 6.0 I 69,500 I 8,670,000 
1005 I I Check I 1.00 I 21.3 I 6.0 I 74,500 I 8,290,000 
I I I I I I I I I I Bu. I I I I 
1013 I Five-year I Manure I 54.4 II 14.4 I 6.0 1101,600 I 9,690,000 1014 I Rotation I Manure+ lime I 51.6 15.0 I 5.0 I 34,500 I 9,340,000 
1017 I Oats I Check I 44.4 I 16.3 I 6.0 I 74,000 110,550,000 
1019 I I Crop residues + limel 56.9 I 17.4 II 5.0 I 47,500 114,160,000 I I I I I I 
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The numbers of bacteria found in the soils on August ,20 
were considerably higher than those found on August 5' and 
somewhat more uniform. But here again no outstanding ' dif-
ferences were to be observed which might be attributed to the 
various treatments or cropping systems. 
The average results of the data obtained from the determina-
tions made on the soils at all four samplings are presented 
in table VII. 
These results show further that the various soil treatmen , 
had little or no effect upon the amount of moisture present in 
these soils. In fact, if anything, the untreated soils con,tained 
slightly more moisture than the treated soils. The differences, 
however, were hardly large enough to be significant. 
More nitrates were present in the soils in the three-year ro-
tation corn series than in any of the soils in the other series 
studied. The soils in the continuous corn plots contained more 
moisture than the soils in the clover or oat plots in the three 
and five-year rotation series. Neither soil treatments nor the 
cropping system seemed to have any effect on the amount of 
nitrate nitrogen in these soils. 
The lime alone in the continuous corn series and all of the 
manure and lime and the crop r esidues and lime treatments in 
all series except the three-year rotation clover plots seemed to 
TABLE VII. CROP YIELDS, MOISTURE, NITRATES AND NUMBER OF FUNGI 
AND BACTERIA IN CARRINGTON LOAM UNDER DIFFERENT TREATMENTS 
(Average results of four samplings) 
Plot I Rotation and I 
No. I crop I Treatment 
I Crop I Moist- I Ni- Number 
I yields I ure I trates I Fungi I Bacteria 
I (Bu.) I ( % ) l(p·p,m·) 1 
I I I I I 
II 32,5 I 18 .5 I 5,9 I 57,450 I 6,550,000 
32.5 16,3 I 5,7 I 51800 I 6,830,000 
906 1 Continuous I Check 
907 I Corn Manure 
908 I I Manure + lime 
909 I L ' me 
II 3258,.08 I 16,1 I 7.1 I 36,420 I 7,088,000 13,3 I 5,9 I 23,130 I 4,605,000 
I 
I 
8 17 I Three-year 
818 I Rotation 
820 I Clover 
8 22 I 
I 
I 
8 23 I Three-year 
824 I Rotation 
R26 I Corn 
8 28 I 
1000 
1001 
1002 
1005 
1013 
1014 
1017 
1019 
I 
F ive-year 
Rotation 
Clover 
Five-year 
Rotat ion 
Oats 
I I I I I 
I Tons I I I I 
Check I 0.70 I 12,3 I 4.4 I 42,790 I 5,880,000 
Manure + lim, I 1.20 I 13,7 4,3 I 45,120 I 6,445,000 
Crop re3idues + lime l 0.60 I 14.9 I 4,2 I 62,230 I 6825,000 
Check I 0,62 I 15.9 I 3.8 70,750 I 6,650,000 
I I I I I 
II Bu I I I I Check 47:5 I 14.4 I 15.9 I 54,330 I 5.r.0',OOO 
Manurz+ lim e I 73, 8 I 16.7 I 16.0 I 37,130 I 7,188,000 
Crop res idues -l- lime l 50,0 I 13,2 I 12,6 I 33,720 I 6,015,000 
Check I 47.5 I 14.0 I 14.5 I 56,680 I 6,81 8 ,000 
I I I 
Check 
Manure 
l\1anure+ lime 
Ch eck 
I Tons I I I I 
I 1.05 I 16.9 I 4.2 I 57,240 I 5,768 ,000 
I 1.35 I 15,9 I 4.2 I 54,020 I 7,342,000 
I 1.45 I 1,.2 I 4.5 I 40,960 I 5,370,000 
I 1.00 I 16,6 I 4.6 I 65,580 I 6,662,000 
I I I I I 
I Bu. II I I I 
Manure I 54.4 11.1 I 4.5 I 54;700 I 6,102,000 
Manure+ lime I 51.6 I 11.2 I " 5.3 I 39,4'30 I 6688,000 
Check I 44.4 I 12 0 I 4.4 I 45,660 I 9,020.000 
Crop residues+ lim cl 56.9 1,1 12 .3 I 5,6 I 38,080 I 7,0,5,000 
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Fig. 4. Showing crop yield3, mo:sture, nitrates and the number of bacteria and 
fungi in the Carrington loam under different treatments and cropping systems. 
depress the nnmber of fungi found in these soils. Manure alone 
had no effect on the number of fungi in Carrington loam. 
The average results of the bacterial counts are so inconsistent 
that definite conclusions can not b3 drawn regarding the effects 
of the soil treatments and cropping systems on the numbers of 
bacteria in these soils. In some instances, particularly in the 
soils in the continuous corn a:1d the three·year rotation series, 
the manure and lime treatment apparently caused an increase 
in the number of bacteria, but in the five-year rotation series 
this was not true. 
Using the data given in table VII, curves have been plotted 
in fig. 4 showing the crop yields, the moisture content, the ni-
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trates present and the numbers of bacteria and fungi in the 
Carrington loam under the different treatments and cropping 
systems. 
In only a few cases do the curves showing the numbers of 
bacteria in the soils of the different plots correlate with the 
crop yields. In no instances do the curves showing the number 
of fungi correspond with the' crop yields. The fluctuations in 
the moisture and nitrate content as shown in the curves arc 
not great enough to indicate any correlation between these fac-
tors and the crop' yields. 
It is possible that more positive or conclusive results might 
have been secured in these studies if a larger number of sampl-
ings had been made from these plots. The results reported in 
the first part of the bulletin emphasized the necessity of studies 
of this nature being carried on over a period of years. Average 
results obtained in this manner would mean considerably more 
than averages of only a few samplings taken during one season. 
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